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The ICRF heating was successfully carried out in the 
aditional heating to the negative-based neutral beam 
injection (NNBI) heated plasma and the plasma sustenance at 
the 3rd experimental campaign [ll The long pulse operation 
was also achieved for more than 1 minute, which is rescribed 
in other section titled as "Long pulse plasma sustenance by 
ICRF heating". The confinement time of ICRF heated 
plasma is rescribed as well as that of NNBI heated plasma 
These are compared with the International Stellarator Scaling 
95 (lSS95) [2]. A typical heating scenario referred to as 
More-I, was mainly employed at the 3rd experimental 
campaign. The minority cyclotron resonance was located at 
the sactile point near the magnetic axis; the magnetic field 
strength 8=2.75 T and the frequency f=wI2n=38.47MHz. The 
retailed experimental results are rescribed at the section titled 
as "Ion and electron heating in ICRF heated plasma". 
1) Additional ICRF heating to NNBI heated plasma 
The quality of the aciJitional ICRF heating was 
examined at different electron rensity plasmas. The counter 
injection of NNBI was used and the port-through power of 
NNBI was almost constant at Ppl=1.45 MW with the 
injection ion energy of E1nj =130 keY in the series of 
experiments. The ICRF heating power PICH was varied from 
0.3MW to 1.2MW. The absorbed by the plasma can be 
dxiuced from the recay of the plasma stored energy at the 
tum-off of ICRF heating. The heating efficiency was about 
80~85%. The visible light intensity ratio of Ha/HeI, 
relatively indicating the ratio of the hydrogen to helium ions, 
is a key parameter for optimizing the ICRF heating. The 
optimal ratio is around one; the ratio of the minority 
hydrogen ion to the electron rensity was reduced to be about 
,10%. 
Experiments were carried out for the three different 
cases of the line average electron rensity, i.e. I.Oxl0 19 m-3 , 
2.0xl019 m-3 and 3.3x1019 m-3 . The resultant increased plasma 
stored energy could be compared with the calculated plasma 
store energy using a heating power repenrence of ISS95. It is 
found that the ICRF heating is comparable with the NNBI 
heating. 
2) ICRF heated and sustained plasma 
The plasma was sustained by injecting ICRF heating 
power only. An initial plasma was started by funrnmental 
Electron Cyclotron Heating (ECH, 82.6 and 84.0 GHz with 
0.~.5 MW). The ICRF heating power was applied to the 
ECH plasma 0.I~.2 second before the tum-off of the ECH. 
After the ECH tum-off the plasma could be sustained by an 
ICRF heating larger than 0.3MW. A typical discharge of the 
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Fig.l Energy confinement times of the ICH and NNBI heated 
plasmas are compared with those calculated using ISS95. 
Open circles, squares and triangles indicate ICRF heating, the 
NNBI heating and the simultaneous heating of NNBI and 
ICRF heating, respectively. Solid and cbtted lines show the 
improvement factor. 
ICH sustained plasma with PIc~1.3 MW was the average 
line electron rensity, nc=1.9xl019 m-3 with the stored plasma 
energy of 200 kJ. In this operation, the intensity ratio of 
Ha/HeI was maintained between 0.8 and 0.7. The electron 
rensity was aqjusted by using a helium gas puffing. The 
hydrogen ion rensity was maintained by the recycling from 
the vacuum wall. The electron temperature is 1.7 keY at the 
magnetic axis. The radiated power was observed to be P rad 
=300--400 kW during the ICRF heating. The parameters of 
the ICH-sustained plasma are similar to those of the NNBI 
plasma with the same absorbed power level. 
3) Comparison with ISS95 
The energy confinement ti me of three different plasmas 
was compared with ISS95; ICH-sustained, NNBI-sustained 
and ICH+NNBI plasmas. Energy confinement times are 
plotted versus the calculated confinement times using ISS95 
in Fig.l; those of ICH-sustained plasma, NNBI-sustained 
plasma and ICH+NNBI heated plasma are plotted with open 
circles, open squares and open triangles, respectively. The 
energy confinement time of ISS95 is formulated by the 
following equation [2]. 
LEISS95=0.079 a221 R 065p-059nc 0.51 BO.83 L213 0.4 
The improvement factor is found to be over 1.5. 
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